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SUMMARY 

Relationships between three insecticides DDT, sevin 
and malathion and algae with respect to toxicity and degradation 
were Investigated using materials obtained from a nearby 
waste stabilization pond and axenic cultures of Chlorella 
pyrenoidosa at pH 6.0 and 9.0, 

DDT exhibited no toxic properties to either systems 
at concentrations up to 100 mg/1 and was broken down only to 
a limited extent by algae. Sevin was found to be toxic to 
algae at eoncentrations of 0.1 mg/1 and also reeeived little 
degradation. Malathion exhibited no persistent Inhibitory 
effect to algae and appeared to be metabolized fairly readily 
I.I1 comparison to the other two insecticides studied. 
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INTRODUCTION 

Since the release of the inseGtlcide, DDT, in the 
mid 1940' s, more than 200 basic organic chemicals have received 
wideapread application to control various agricultural pests 
(4) , Increasing concern about the pollutional effects of 
these materials is indicated by the number of symposia and 
scientific articles, which have appeared in recent years dealing 
with this subject (19, 20, 21, 29) . 

Although considerable information is available 
describing the effects of certain insecticides to various 
higher forms of aquatic life (19, 23, 29), only limited data 
exists concerning the impact of such chemicals on the first 
step of the aquatic food chain - the algae (18, 28) or the 
treatability of wastes containing these chemicals by an algal 
dependent system - the waste stabilization pond (8) . 

The following study was carried out to investigate 
relationships between three broadspeetra insecticides and 
algae to determine what effect the entry of such materials 
may be expected to have on algal populations associated with 
waste stabilization ponds and the possible degradation of 
these chemicals in an algal environment. The three insecticides 
chosen were DDT - a chlorinated hydrocarbon, savin - a 
carbamate, and malathion - an organophosphorus compound. 
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PRQCEDURES 

Axenlc cultures of Chlorella pyrenoldO'sa Ghiek 
(#395 Indiana Cuiltura Collection) (25) were grown In the 
following aeratea media: KNOj - 500 rag/l, MgSO^ - 500 mg/l, 
KHgPOji - 140 mg/1, PeS04 - 20 ng/l, aodimn citrate - 40 mg/l, 
at pH 9,0 (0,2 M Tris plus 0.1 M HCl) or pH 6.0 (0.2 M sodiun 
maleat©,,, 0.2 M NaQiH) for seven days at 25'®C in eontinmous 
lllumiiiation of 400 footcaiidlea, before being used experlineiitally. 

Toxicity experiments were carried out by adding the 
peitlcida in Oi.l ml solvent (DDT - acetone, sevin and malathioii 
-95% ethanol) to 50 nil aliquots of an algal culture contained 
in sterile cot, ton-plugged 125 ml flasks raounted on a sThaker. 
i!The data, expressed as cells/ml, were obtained by averaginf 
the number of cells in 10^ fields using a haemacytometer , 

Degradation es^eriinents were carried out by adding 
1 ue of radioactive labelled pestieide dissolved in the 
appropriate solvent to 500 ml values of a 7 day algal eulture 
(approxiraately 6-7 x 10^ cells/ml) having a media pH of 6.0. 
After the desired incubation period, the algae were harvested 
by centrifuging the eulture for 60 minutes at 1,000 G. Recovery 
and ehromatO'grapliic procedure.s for each insecticide were as 
follows': 

DDTs DDT-phenyl ring 1*C (19.7 uc/mg-Radiocheraical 
'Centre, Amerslham) was applied In Q'.l ml acetone, either as a 
eoatlng on the walls of a sterile litre flask prior to the 
addition of the algae or directly to the algal aliquot. After 
■harvasting, the algal pellet was transferred with warm 95% 
ethanol, dried, and extracted with thr-ee 50 ml vol'uraes of 
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n-hexane, the combined hexane extracts receiving a sulphuric 
acid wash. Media were extracted with three 100 ml volumes of 
n-hexane, combined, washed with sulphuric acid and evaporated 
to dryness. Paper chromatographic analyses of extracts were 
carried out using Whatman #1 in the presence of Kelthane, DDD 
(Rohm and Haas) and DDE (Pesticide Repository, Perrine, Fla.) 
using a trimethylenepentane ascending method (16) . Chromatograms 
were air dried and sprayed with a AgNO-j chromogenic lamp; 

SEVIN: 1-naphthyl-N-methyl (carbamate-^'^C) (131 uc/mg- 
Nuclear Chicago) was added in 0.1 ml 95% ethanol to the algal 
culture. After harvesting, the algal pellet was rinsed twice 
with 10 ml aliquots of sterile media and transferred in 95% 
methanol and evaporated to dryness. The cell free media plus 
the above rinses were extracted with 200 ml, 100 ml and 100 ml 
volumes of chloroformi ethanol (v/v) (31), the combined 
extracts evaporated to dryness and the residue dissolved in 
50% methanol, which was subsequently extracted with two 200 ml 
volumes of redistilled benzene. The benzene was dried over 
sodium sulfate and evaporated. Algal and media residues 
were dissolved in 50% methanol for chromatography. 

Paper chromatographic examination was carried out 
with Whatman #2 using a methanol/water ascending technique (31) 
which was modified from a one to two directional system to 
effect better separation. Co-chromatography with labelled 
sevin and naphthol was carried out during the second run. 
After treatment with 1.5 N methanol ic sodium hydroxide n-butanol, 
the chromatograms were examined under ultraviolet light. 
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MALATHIONs Malathion-.-'-^C (0,0 dimethyl - S (1,2 di 
ehtoxycarbonyl) ethyl (-1,-1 2^'*C) phosphorodithioate) 
(6.64 uc/mg - Radiochemical Centre, Amersham) was added in 
0.1 ml 9556 ethanol to the algal culture. After harvesting, 
the algal pellet waa rinsed twice with 10 ml sterile media, 
the algal auspension and media plua rinses extracted separately 
with 200 ml, 100 ml, 100 ml volumes of carbon tetrachloride 
(27) and the extracts evaporated to dryness. Ascending paper 
chromatography with Whatman #1 was carried out using a 
nonaqueous system with an immobile solvent of dimethylformainidei 
ethyl ether, 1:5 (v/v) and a 2,2,4 trimethylpentane mobile 
solvent (17) . Extracts were dissolved in ethyl acetate (27) 
and co-chroma tographed with malathion and malaoxon, the 
latter synthesized by bromination (7), After being air dried 
overnight, the chroroatograms were sprayed with an alcoholic 
anmionia silver nitrate chromogenic agent and developed under 
germicidal lamps. 

All chromatographic papers were prewashed in distilled 
water. Chromatograms, following development, were divided on 
the basis of Rf zones and assayed for radioactivity in a 
Tricarb scintillation counter. 

All experiments were repeated at least twice. 



- 5 - 



RESUIife 

TOKlelty 

Insacticiae toxicity to alga# was first tiested by 
tre«tlag 50 ml aliquots of materials obtained from a nearby 
waste stabilization pond (pH 8.1) with lO'O nig/l DDT, sevin, 
or malathion and exainin,ing the cultures after fo^iir days. 

The resulta (Table 1} indicate less than a 3 percent 
difference between D.DT treated and untreated eultiirea with, 
respect to the total number of algae, whereas sevin and 
malathion treatments reduced the algal population to less, than 
45 percent of their control. 

Relatioinships between pesticides and algae were 
further investigated by noting the response of Chlorella 
pyrenoidoaa when cultured in a media at pH 6,0' or 9.0 containing 
100 mg/l of insecticide. 

Over a seven day period (Table II) , differences 
between DDT treated and untreated cultures did not exceed 
10 percent at either pH. Treatment with sevln reduced the 
population up to 30 percent of the control, a greater toxicity 
occurring in the acid media ,^ Malathion had no inhibitory 
effect in the acidic media and a reduction in the algal popul- 
ation evident by the fourth day in the alkaline media had 
disappeared by .the seventh. 

Responses of Chlorella to pesticide concentrationa. 
of less than 100 mg/l were also carried out. After four days, 
neither DDT nor malathion at these concentrations exhibited 
differences greater than 10' percent of their respective 
controls {Table III) . Sevin appears to be Inhibitory at 
concentrations of 0.10 mg/l and freater. 
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TABLE r " ' -^'^ ■ ""•--. . 

Sf facts of 100 mg/l DDT, sevin or malathion on algae in samples 
from a waste stabilization pond after four days -eel Is/ml x 10*. 

Algae Ac^etone DDT Ethanol Sevin Malathion 



Scenedesraus 18 


3 


15 





S 


Chlorella 792 


789 


500 


152 


469 


Ankistrodesmus 806 


867 


634 


295 


i 


Euglena 9 


3 


10 





24 


Total 1625 


1667 


1159 


447 


498 
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TABLE II 



Iff acts of 100 mg/1 of DDT, eevin and malathion on the growtli 
of Chlorella A) media pH 6,0 B) media pH 9.0 - eeaia/ml x lO^, 



















A) 


Time in 
















Days 


Sol^, 


DDT 


Solv. 


Sevln 


Solv. 


Mai, 




1 


8 . 56 


7.99 


8.86 


6 . 91 


8.84 


7.75 




1 


9.42 


9.57 


9.61 


7,57 


9.59 


8.77 




1 


9.58 


9.45 


10.12 


7.25 


9.46 


9.07 




i 


10.37 


9.57 


9.71 


6.33 


9.42 


8.76 




f 


9,31 


9.36 


9.56 


6.66 


9.43 


8.83 


1) 


Time in 


' 














Dava 


Sol v.. 


DDT 


Solv. 


Sevln 


Solv., 


Mai. 




i 


S.Sl 


6 . 58 


9.27 


8.92 


9.2 7 


7.57 




i 


7.30 


7.18 


9.87 


8.42 


9.87 


6.81 




1 


7.37 


7.15 


9.62 


8.36 


9,62 


6.35 




i 


7.37 


7.15 


9.62 


8.07 


9.61 


7.86 




7 


7„64 


7.16 


9.83 


8.2 5 


9,83 


9.22 
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TABLE III 



If feet a of DDT, Bevln or iBalathioa on thm groirtli of Chlorella 
after four days, media - pH 6.0 - cella/ml x 10^, 



Peatlclde 








,rag/l 


DDT 


Sevin 


Malathlon 





10,74 


9.36 


9.36 


10-2 


10.91 


9.56 


8.79 


10-1 


10«fiS 


8.60 


8.43 


10° 


9,93 


7.81 


8.84 


t# 


10.35 


7.87 


8.54 
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In view of the responses of Chi ore 11a to malathloiii 
(Table II) the effects of lOiO mg/1 malathion on pond mater lali 

after mmvmn days e,xpoaure were also examined (Table IV) . No 

inhibitory effect on the has la of total cell count is evident, 

Degradation 

The action of Chlorelia on D,DT was investigated by 
applyinf 1 uc BWE^^^C in acetOine (about .05 mg) to the walls 

of sterilized flasks and allowing the solvent to evapOirate 
befor'C adding a 500' ml aliquot of algae, media pH 6,0, After 
one, four' and seven days the cultures were harvested. The 
average efficiency of recovery of radioactivity was about 5 
percent, 

fliS a control measure,, an equivalent volume of algae 
killed by autoclaving was treated in a ainillar manner and 
extracted after four days. 

Coiriparlng the results of experiments with living 
algae (Table V) to those with dead algae (Table VI) shows 
that degrac 
live algae, 



that degradation of DDT- C only occurred in the presence of 



As the efficiency of recovery of radioactivity in 
the above experiments was quite low, degradation of the 
insecticide was examined by applying DDT-''^*e dissolved in 
acetone, directly to 500 ml aliquots of cultures. After 
seven daya, the cultures were harvested. The efflcieney of 
recovery was 65 pereent . 

The results of these experimenta , Table VII, do not 
illustrate any significant conversion of DDT-^'*C. 
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TABLE IV 

Effects of Malathlon, 100 mg/l, on algae from a waste stabilization 

pondf after seveti days - lTo« of cells/i[il x 10^, 

Algae Solvent Malathion 

ScenedesinuB 6 1 

Clil'Orella S li<9 

Euglena 708 4M 

Schroder ia 46 22 



Total 760 T 868 









TABLE V 



Percentage distribution of recovered radioactivity after 
incubation of Chlorella with DDT-''-^, applied via the vessel walla. 





' 








Timm of 


Iff 


■ m 


m 


af 


Expos mre Days 


Kelthane^ 


DDD 


DDT 


DDE 


1. 


S.l 


7.7 


78,7 


3.6 


t 


7.0 


22.7 


58.1 


1.3 


■f 


5.8 


35.7 


36,7 


2.9 



w^W4.^,_fm- 
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TABIil ¥1 

Fercentaga dlstxlbutlon of reoovered radioactivity after 

incubation of dead 'Clilorella with BVS~^^C, applied via 

'tM» vesital walls, 

Time of It Ef Rf M 

Exposure Days Kelthane^ DPP DDT DDB 



Ef 


Rf 


DpD 


DDT 


4;^8 


Bi.2 



4.7 4'»8 Bi.2 0.8 



TABUS VII 

■percentage dlatrtbiition of., recovered radioactivity after 

incubation of Chlorella with, DDT-^'^Cl,, applied in acetone. 

Time of Rf If Rf If 

BxpoBure Days Kelthane^ DBB DDT DPI 

7 3,0 5.0 83.6 5,5 
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The •degradation of sevin by Chlorella was Investigated 
by applying 1 uc l-naphthyl-M methyl carTDamate-l^C (about 7.6 ug] 
In 0.1 ml 95 percent ethanol to a 500' ml volume of 'Chlorella ,, 
media pH 6.0, After one^ fo^ur and seven days,, the treated 
cultures were harvested. The average efficiency O'f recovery 
of radioaetivity was about 50 percent, 

'The results, fable ¥111^ ahow that after seven, days, 
about 87 percent of the radioactivity recovered was In the 
form of aevin. .AmOiUnts of radioaetivity aasociated with 
algae increased with time,, the largest Increment occurring 
in that portion present in a form other than sevin. 

Malathion breakd'Own by ChlQre_lla, was Investigated 
by applying 1 uc malathion-l^C (about 0.15 mg) in 0.1 ml 
9'5 pereent ethanol to a 50'0 ml vol'uine of algal culture, media 
pH^6.0. After one, four and seven days, the cultuT'ea were 
harvested,. The average efficiency of radioacti-vlty recovery 
was about 24, 6 percent after one day, 20i,4 after four days 
and 9,7 percent after seven days. 

The results, Table. .IX, indicate that after seven, 
days, 67 percent of the recovered radioactivity was in the 
form of malathion. Am,ounts of radioact,ivity aBiSociiated with 
the algae increased with time, although the percentage of 
malathion and a possible netabolite malao,xon d,id not vary 
appreciably. 
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TABIiE ¥111 

Pereentage dlstritoution of radioactivity recovered aft«r 
incubation of Oilorella with Sevln-^^C, 

rncubation Rf Eeeovered Recoveredl Rf as Sevin Non-migratory 

Period DayB as Sevin in Algae in Algae in Algae 

4 tl.S 4.8 41,4 35,0 

Jl 90.2 7.0 18.1 §3.0 

T if, I i.6 13.1 76. S 



i 



f 
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TABLE XX 



Percentage distribution of recovered radioactivity after 
incubation of Chlorella with Malathion- C^ media - pH 6.0. 



Time Rf Malathion Recovered Non-migratory Rf Rf 
Days in Media in Algae in Algae Malathion Malaoxon 



i . 


95.7 


10.4 


6-6 


67.3 


3.4 


4 


93.2 


11.6 


7.4 


62.7 


6.6 


7 


76.0 


23.7 


13.8 


59.9 


7.1 
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.; ■. piSCUSSIOM ^ 

- , ■ '- ' '- ,■ ■■ ■ '"'■■ - -' - - • . 

The reBults of the above experiments sliow that DDT 

concaritrations op to 100 tnf/1 have no affects on the growth 

of Chlorella (Table I^ II, III) and that degradation of the 
insect ieide only oceurs in the preaeiice of living alfaa 

(Table V, VII). - ■•".,- -':■■- ' -_- 

The apparent laek of agreement regarding the fat© 
of DOT-l^C vlth living alga© (Table V, Vll) is probably due 
to the low aolubility of the pesticide in water - 1.2 ug/1 

(3), Treatmerit of algal cultures with quantities of insect- 
icide in excess of this amount (Table Vll) will result in 
the formation of a DDT-l^C precipitate which, when recovered 
during harvesting of the culturea, would tend to mask any 
inetabolic eonversion of the pes tic Ida, which may have occurred. 

The data in Table ¥,, on the other hand,,, are based 
only on the recovery of radioactive materials which originated 
from aqueous soluble DDT-'^ C, and show that gh lor el la Is 
capable of matabollzing the inseetieide, possibly by dehydro- 
chlorination to DDD or a similar material, as has been 
dletermiiied with various bacteria (2, 9,. 10, 15,. 26^ 30), 
yeast {11} and actinomycetes (5) ^ 

The lack of Influence of DDT on tihe cppowth of 
Chlorella pyrenoldosa^ also observed by Palmer and Maloney 

(18) and Ukeles (28) , would appear to result from the low 
solubility of the compound in water and the ability of the 
algae to degrade the pesticide. 
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Treatment of axenic cultures of Chlorella with sevin, 
100 mg/1, did not demonstrate the degree of growth inhibition 
noted in experiments with materials from a waste stabilization 
pond (Table I) . These differences may reflect a higher degree 
of sensitivity of the pond algae to the pesticide as well as 
the involvement of numerous other factors, such as bacteria, 
which were not present in the axenic culture. Results of 
these experiments (Table III) are in agreement with observations 
of Ukeles (28) who also found that concentrations in excess 
of 0,1 rag/1 were toxic to Chlorella spp. 

As sevin is hydrolized under alkaline conditions (24), 
the relationship between pesticide toxicity and pH (Table II) 
is more likely due to the loss in the persistence of sevin 
at the higher pH, an effect previously noted by Lichenstein 
et al (13) , rather than an increase in the sensitivity of the 
test organism at the low pH. 

Sevin has an aqueous solubility of 40 mg/1 (12), 
therefore the quantities applied in degradation experiments 
should have remained in a soluble form. The high recovery 
of sevin-l^C, about 87 percent after seven days, should not 
be due therefore to a masking of metabolic conversions by the 
recovery of insoluble precipitates as with DDT- C. Although 
the results would suggest little conversion of applied sevin, 
examination of the algal extracts does indicate an increasing 
uptake of radioactivity with time with a concomitant increase 
in quantities of radioactive material which did not migrate 
with the chromatographic system used in this study. 



Identification oif l-naptbol as a by-pradTict of savin 
ffletaboligm (31) was not possible as the radioactive carbon 
atom was not incorporated into the naphthol portion of 
1-naphthyl-N methyl earbamate nor was there any colour response 
to the chromogenic agent. Identiflcatioii of non-migratory 
inaterials was not atteraptedi, 

Malathion applications up to lOQi mg/1 appear to 
have no effect on. the griowth of algae in an acid nedia 
Cfable II, III) nor a lasting inhibitory influence on the 
total standiiig crop of algae in an alkaline environitient 
(Table II, I¥) . Ma lath ion in this regard appears to be similar 
to another organophosphorus insecticide, Thimet, which at 
much higher coneentrations also had noi influence on the growth 
of Chlorella after an eight day exposure (1) . These restilts 
are also in agreement with observations of GJloyna and Thirmulthi 
■(8) that the entry of a slug of this pesticide into materials 
from a waste stabilization pond will result in a qualitative 
alteration in the algal, coinmunity* 

Malathion has an aqueoias solubility of 145 mg/1 (27} 

14 
therefore all malathion- C applied in degradation ejcperiments 

would be e3<^ected to. remain in solution. „■■ 

MalathiO'n co«vera ion may oocur by hydrolyaes, which 
wnder alkaline conditions yields 0,0 dimethyldithiophosphate,, 
fumerate and ethanol, or be enEyraatically altered by the action 
of carboxyesterases, Metabolie eonveraions in lettuce resulted 
in the formation of raalaoxon and three unknowns (6) , in wheat 
to nalaoxon (22) and to various earboxylic acids in the fungus 
frichodarma and yeast (14),. Chlorella wo'Uld also appear to 
be^ capable of a liioited conversion of malathion to malao^jcon 
(Table XI) . 
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In degradation studies with aevin, the efficiency 
of recovery of radioactivity remained fairly uniform with time, 
whereas with malathion-^'^C, this efficiency decreased quite 
markedly with time. Extrapolation to zero time suggests a 
maximum possible recovery of only 25 percent or 37 ug of the 
initially applied 150 ug. A recovery of 11.03 ug after seven 
days would imply a degradation of about 70 percent of the 
original material of which about 37 percent had disappeared, 
probably in the form of carbon dioxide as a product of 
metabolism. This interpretation would suggest that the 
degradation of malathion by Chlorella is in a lower order of 
magnitude than that of either the fungus Trichoderma or yeast 
where up to 70 percent of applied malathion was converted 
within 25 hours (14) and of lettuce where 97 percent was 
metabolized in 48 hour a (6) « '. 
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CONCLUSIONS 

The results of the above investigations indicate 
that the three pesticides vary in their degree of toxicity to 
algae and also in the extent to which they are degraded in 
the presence of algae. 

DDT exhibited no toxic properties up to a concentra- 
tion of 100 n»g/l and received only slight degradation, Sevin 
la toxic at concentrations above 0.1 mg/l and is not altered 
appreciably in an acidic media. Malathion appears to receive 
extensive conversion and although capable of altering the 
composition of a mixed algal community, did not display a 
persistent inhibitory effect. 

Extending the results of these experiments to the 
typically alkaline waste stabilization pond and its algal 
coiranunity it is suggested that the entry of DDT, up to 
100 mg/l, is not likely to be toxic nor will the material 
be degraded by algae. A sinllar quantity of sevin would 
seriously reduce the efficiency of the pond with conversion 
more likely to occur by alkaline hydrolysis rather than algal 
metabolic processes. An equivalent slug of malathion, 
although temporarily interrupting, the operation of the pond, 
could be expected to be broken down rapidly by chemical and 
metabolic reactions. 
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